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Development for Driving System using Fusion of
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Development for Driving System using Fusion of
Hybrid sensors of Automatic Guided Vehicle(AGV)

SHIN HEE YOUNG

Department of Mechanical Engineering

Graduate School of
Korea Maritime University

Abstract

This paper is about Driving System using Fusion of Hybrid sensors of
Automatic Guided Vehicle for loading and unloading payloads. For the
AGV to approach to the target rack for loading and unloading the
payload, a way to identify the position and orientation was studied.
To identify the position and orientation of the AGV accurately, a
complex sensor system composed of RFID, IMU, and limit sensors
was developed, and the performance of each sensor was
undertaken. A model AGV was constructed, and the good
performance of the developed complex sensor system was verified
through performance experiments.
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2. AGVe J|#8 4

Fig. 2.12 FdAIAE S H&otIl ?ol A8 MHs g2 s 2
HECH XS AJl= 750 X 1100 X 500[mm]ol2 242 HEH 2 2K
°f €= MEotH JIFRE FHotAL

2.1 AGVEl J|22 &

Fig. 2.1 Appearance of AGV
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2.2 AGVe #s2 2

=2t & 8 ZF &l (Instantaneous center of rotation)0l I3 =0 { X &
A A0AM OlsSot], O AXese & HHAL d™ &I 2o 283 &
Ch. 212 22 N8 X2 QEZN X HH 85 vgdt v

VR:TWR. VL:TWL (21)

(S, L2 < HE7 AtOlS 2H2l)

V.
velicle
s

L

v

Center of
rotation

Fig. 2.2 Rotation performance of AGV



Table. 2.1 Specification of AGV

Composition | Specification EA
Dimension 750 X 1100 X 500 [mm] -
Motor 150W DC maxon motor 2EA
Drive head
Wheel Ball castor 2EA
RFID module, IMU sensor, proximity sensor,
Sensors . -
encoder, Kinect camera
Control Embedded PC, ATXmega -
Oriver 200W 2ch motor driver 1EA
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Fig. 3.1 Example operation of forklift for warehouse
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Fig. 3.2 Rack surrounding and AGV
approaching algorithm
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Fig. 3.4 Embedded system-IEC 667 series
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Table 3.1 Specification of Embedded system-IEC 667 Lite

Model IEC667Lite
CPU 32Bit RISC ARM1179]ZF - 667MHz
RAM 256MB
NAND Flash : 128MB(OS :
Flash
System 50MB/Storage : 78MB
SD Memory | SD A
RTC RTC 7|5 UAr
Y DC 5V
=A o -10 ~ 60°C
RS232 2 ch
RS485 1 ch 4 ch
Communication TTL L ch
USB Host 1 ch - USBI.1
USB Device |1 ch - USB2.0
Ethernet 10 Mbps

Fig. 3.5 Driver for motor control

= A0 AIZ2E S 2H= 150W= DC Motor 2IHE AFE0HALH IO 8|
10:1, &3 170mNm z=I0 £k 7580RPM2 2 AGVE Sd& =2 S20=
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E HZEGIALH AMEE BHEZOIHS MAEAZ2 Table. 3.2 &Ct.
Table. 3.2 Specification of DC Motor Driver
SECTION DETAILS SPECIFICATION
MOTOR Number of motor driver 2 ea
Minimum supply voltage 10~30 V
Nominal supply voltage 30/45/60 V
continuous current 8 A
ELECTRICAL continuous Power 200 X 2 W
PWM frequency 20 ~ 100 KHz
motor coil driving )
DirectFET
MOSFET
speed range 0 ~ 30000 RPM
period of
speed real-time speed | 2 ~ 100 ms
OPERATION MODE
control | command
acceleration/dec o
eleration set
encoder 0
SENSOR analog hall sensor O
analog input of digital
INPUT/OUTPUT 4 X 2 ea
I/O orfault output
RS232 speed 9600 ~ 115200 bps
COMMUNICATION RS485 speed upto 2.5 Mbps
CAN speed upto 1 Mbps
TEMPERATURE operating ambiedt temperature | 0 ~ 50°C
di , 8 0 x50 x17
MECHANICAL tmension mm(LXWxH)
wight 44g
e oMz ol 28822 AIE&&E = CCD cameradt Ot:el Kinect camera
£ MEZEGSIULE Kinect cameras B0l RGBE A A2 IRIMUHM HSE
= Depth imageE SAI0 AS3HH WEES 37| & HelE mest=d 0|
Ot IREMUIM TE A&z #HAKXNe= X3 Hel 32EE 010t RGBZ
a1t Depth imageg &= SAI0 2t=10 012 E2E HM3B8tCh Kinect camera
= MicrosoftAt2t AsusAtOlA HIZOl EI XIS JHE XN SatE AsusAtll Xtion
PRO HIS&2 AM=0l¥ 10 H3A=2 8 2L




Fig. 3.6 Kinect camera

Table. 3.3 Specification of Kinect camera

Wavi Xtion Pro Live
Field of View 58°H, 45°V, 70°D
Sensor Depth & RGB
] VGA(640 X 480) : 30fps
Depth Image Size
QVGA(320 X 240) : 60fps
Supported platforms Intel X86 & AMD
Xtion interface USB 2.0
XP(Win 32/64)

Supported OS : . .
Win7 Linux Ubuntu 10.10 : X86, 32/64bit

Programming Language C++/C#(windows) C++(Linux)

Operation Environment Indoor

Btet 201 XHE0l racklll &Y FLRS 8=
12822 20mm ~ 3500mmAbAl Hel kel Jtsot

. 019 MEe s 20,

_12_



Fig. 3.7 Image of proximity sensor

Table. 3.4 Specification of ultrasonic sensor

SECTION DETAILS
Operating Voltage DC 5V
Current 15mA
Operating Frequency 40kHz
Distance Range 20mm ~ 3500mm
Resolution Imm
Measuring Angles 15Degress

50ms

Response Time

Size 45 X 20 X 15mm

HMZ2 ol AHEE RFID moduleOlCt.

Ol E0lot== CtHILE LHEES 2= AIEotA L, tage ZAEIAE S0l T
ct ZE0| Jtsot0 tagel 2 elAES & Xlot)|l SO0IotCh. L8t tagit REE=
TEAZES MEON HE S0l 8o ZERIoHH AtE Jbsotlt

_13_



Fig. 3.8 RFID module

Table. 3.5 Specification of RFID module

SECTION DETAILS
Scanner Model R4008
Frequency Range ISM 902~928MHz
RF Power Output 0 ~ 30dBm
Communication Ports RS232
Reading Range Reading Tag >5bm
Power DC 12V, less than 3A
Antenna Built-in
Avoirdupois 1Kg

S X2l positiont Heading MIHE I AFEE IMU(KIOIZ) M= TS
ot 20

my

_14_



Fig. 3.9 IMU sensor

Table. 3.6 Specification of IMU sensor

SECTION DETAILS
23 A DC 5V
AQ A= 30mA
AFE % ¥Hoj -40 ~ 25
7145 57 99l +2G
"] A& A 0.2%FS
A E2X e e 2000 °/sec
A QlAt tjel= 256Hz
53 obgal AR 80ms

A H MO0 8 =25 flo 2K SF2 HIEHCIE ArEot¥ T 2H &
= Xy A5

cli 12.8V, 23AhZ & 2J42 BiECIE AME o

S22 tifde cs=3
Ol Fig 3.101 ZCh MOJl &2 =& Higc= 14.8V,

Het AtE =0

r

_15_



AGVOIA AB0ote M2 o 320WO0ICH &EE HIEHZIZ AGVE *SAl & 2
= = £ zIHZ SHAI 201 Mol
60%2 2822 NHH2z 2 ol ot 2AIZF 0l4 AGVEl 29
Ol Jtsoflh. Olets Iz MOl AEH2=Z MO AN ASHES &
HRE =2 F4dotod MU ArE=E HIE 2l ME =2 Otefel Z2F 2

Table. 3.7 Specification of each Lithium Polymer battery for motor
control

Rated Capacity Typ. 23Ah
Nominal Voltage 12V
End Of Discharge 5.0V
Max. Charge Voltage 13V+£0.03V
Max. Conti. Charge Current 20A
Max. Conti. Discharge Current 20A
. charge 0 ~ 45°C
Operation Temperature Range Discharge 900 ~ 55°C
Weight 375g

_16_



Table. 3.8 Specification of Lithium Polymer battery for control board

Rated Capacity Typ. 4.5Ah
Nominal Voltage 3.7V
End Of Discharge 3.0V
Max. Charge Voltage 14.8V+0.03V
Max. Conti. Charge Current 4.5A
Max. Conti. Discharge Current 3A
. charge 0 ~ 45°C
Operation Temperature Range Discharge 90 ~ 55°C
Weight 111g

7N

DC-DC converter
24t0 24

Battery(12.4V, 23A) X2

J

148V

Motor driver

Motor X 2

—71 7 =9
N
Battery(14.8V, 4.54) DCDE converter
12to0 12
L —- & T R
pe.oc o.t.}nverter IMU sensor Ultrasonic sensor X 2 ATXmega128
12t0 5
Fig. 3.11 H/W power system
2H HOUHR= 12.4V HiE2 2HE g HZAGIH AMESIT D MAHI 2=
14.8VEHE 2] 1JHE AISOIQICE HiE IS &3 SH4& AIZE0] SIS &
20 A= 222 ES6t10 K DC-DC converter& A0l ot8Eo=z2 =2
=2 &S A4dolUC 2HO &R 24V2=01J| HEZ0 200W= converterg &
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3.3.1 Kinect camera
HN &AM FHO| otLE WSES Q14
Kinect cameraz= RGBS2F Depth image
E0lot WE 2E2Z2 NUIE st &L,

=2 9ol Kinect cameraldt AISE L.
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Fig. 3.13 sensor architecture of kinect camera
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Fig. 3.14 Performance of kinect camera
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Fig. 3.17 Real camera location
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AXIF AKX 2 == w— a i O S AXNS S
8ot & 2 BEE 0lSot LAES Mys ZFet =
— = =
WEIEES QIAIBHLE.
Color| A | 8 | B | # | #z | € | & | v £ ||| 7 |¥eor Buer) Busc| Brms
1,000 1.000; 1.000 n/a n/a | 0.000 0.000, 1.000 1.000; 1.000 1.000 O0.000 O0.000 0.000
0500 0.5000 D500 n/a n/a | 0,000/ 0.000, 0.500, 0.500 0.500 0.500 0.000 0.000 0.000
0,000 0.000 0000 n/a n/a | 0,000 0.000 0.000 Q.000 0.000 0.000 0000 0000 0.000
1,000 0,000 0.000 o0ce  0.° 1.000 1.000 1.000 0.500 0.333 0.293 1.000 1.000 1.000
. | 0.750| 0.750) 0.000 EO0.C°| BO.C°| 0.750| 0.750, 0.750 0.375 0.500 0.664| 1.000, 1.000, 1.000
0.000 0.500 0.000| 120.0° 120.0°| 0.500 0.500 0.500 0.250 0.167 0.293 1.000 1.000 1.000
0.500 1.000 1.000| 180.0° 180.0°| 0.500 0.500 1.000 0.7500 0.833 0.850 0O.500 1.000 0.400
0500, 0.500, 1.000| 240.0°| 240,07 0.500) 0.500 1.000, 0.750 0.667 0.557 0.500 1.000 0.250
0.750; 0.250, 0.750| 300.C°P| 300.°| 0.500| 0.500, 0.750, 0.500 0.583! 0.457 0.667 0.500 0.571
0.628) 0.643' 0142 B1.8° 61.5° 0.501| 0.494 0643 0393 0.471 0581 07739 0638 0639
0255 0.104] D918 251.1° 2E0.0° 0,814 0.750 0.918 0511 0.426 0.242 0887 0,832 0.755
0116 Q675 0.255 1349 133.6°| 0.553 0504 0675 0.396 0.349 0.460 0.8258 0707 0.667
| | 0,941 D785 0.053| 49.5° E0.5°| 0,898 0.821 0.941| 0.497 0.593 0.748 0.944 0833 0.911
0,704 0,187 0.897 2837 284.6° 0.710| 0.636 0.897 0542 0.596 0.423 0.792 0775 0686
0,931 0.463 0.316) 143 13.2| 0.615 0.555 0.931 0624 0.570/ 0.586 O0O.661 0.817 0.446
0,998 0.974) 0.532] 569 57.4° 0,466 0.454 0,998 0.765 0.835 0.931 0.467 0931 0.353
0039 0.795 05391 162.4° 163.4° 0.696 0.620 0.795 0.447 0.495 0.584 0.875 0779 0.800
0.211 0149 0597 2487 247.%°| 0.448 0420, 0.597 0373 0.319) 0.219 0750 0601 0533
0,495 0,493 0.721] 24057 24[14"4 0.2268| 0.227 0.721| 0.607 0570 0520 0.316] 0.290 0.135
The generic C-code for converting RGB color to HSV color is given below.
//f r.g.b values are from 0 to 1
A/ h= [0,360], = = [0,%2}, v = [0,1]
i if s == 0y then h = -1 (undefined)
void RGEBtoHSV( float =y, float g, float b, float *h, float *s, float *v )
!
float min, max, delta;
min = MIN{ r g, b });
max = MAX( r, g, by}~
*y = max; ey
dalta = max
Aif{ max '=
-s P
alsae {
/= YWs = 0, v is undefined
-
*h
raeturn
}
Aif( r == max )
*h = (g—-b ) / delta; // between yellow &
magenta
else if{ g == max )
*h =2 + (b - r ) / delta; // between cyan & yellow
else
*h = 4 + (r - g ) / delta; {// between magenta & cyan
*h *= g0: // degrees
if({ *"h < 0 )
*h += 360;
}
Fig. 3.19 RGB to HSV
O St of =2 el o O =2 PN =13
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Fig. 3.20 The input image

- i - - =

Fig. 3.21 Noise reduction and image binarization
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Fig. 3.22 final recognition of Pallet

.

e

Fig. 3.23 pallet recognition
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Table. 3.9 Recognition results of pallet according to forward movement

1 2 3 4 5
Image e - - \ o !
recognition rate 97% 97% 97% 97% 97%
Distance Im 1.25m 1.5m 1.75m 2m

Real Pallet
Width 1.1m 1.1m 1.1m 1.1m 1.1m
Pallet
. 1.1637m | 1.1634m | 1.1747m | 1.1856m | 1.1845m
error rate 5.79% 5.76% 6.79% 7.78% 7.68%
Real Pallet 0.15m 0.15m 0.15m 0.15m 0.15m
eight
ga.“et 0.1717m | 0.1678m | 0.1651m | 0.1703m | 0.1606m
eight

3.3.2 RFID module
SFEHEIO s QlAlG gtoz S fAXFH =02l RTLS(Real Time

QUL otXIgt RTLSIIEE =
201 WECt[11] Ol
ot A = AMEO| @metol 0|8t
e

s 4= st &0 A
9_ o

Location System)2t &==417]
2 HulblSy durgsiof & &l
ol 2 AR0AME MHIte HE22ez2 AXIJF &
RFID moduleg O0|&StCH 0l Dm

cloll HE RFID tagll ClAIHRAS ClAIES e Z

e
0/
ol
==
==
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Fig. 3.26 view of Experimental environment
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= visual studio 2008

Ol=Zol JHLGHRA tsotd QIAaE tagll 2E HAlG
£ 2125 ot
- 1S018000-6E - OFEATION INFO

Default | FARENTLES
Times  [continur -] Idents £y

Intervel [10ms - I Stop

~ BEAD AWD WEITE —
— Bytebddr [0 Raad | it s |
[ CONMECTING | ByteCnt [I ook e I
Conm Port [COML | v
Baudrate W
Addr Code [Gameric v | | [“EPC GENZ

~ IDENIIFY
Co:\m:tl Times continy -I

Interwval |l0ms - I

RF SETTINGS - ACCESS
MemE ande EFC - Y vl I e J

s ia_ - Hoxdbtr [0 |

Freq Type Immmw VI Wordlnt ﬁ——ZI Loclk I Inis

Data (Hex) |

_J . [~ ] B B | ThG COUNT:

Clear |

Fig. 3.27 RFID module GUI
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Fig. 3.28 RFID module algorithm
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RFID c2lHDIel H&s olAlge mfetsS ol Fig. 3.2310 201 =201 Q&
= X0 24 & =8 0/S0] IItsotESE tageE RGN R*4AoIUCH. 74
= M= &AEAH2l 10em - 100cm, =" H2l £30cmMKA =HO0| JlsolCt.

RFID 2IH2IS &8 Fo=0Y =FD tagll FELSS o CHAH I8t
Microsoft Visual studio 20082 0l&of ZZ2] S MESIA LD RS-2
0IEol PCZ HZSHCH M&ES Z208=2 0lSdl RFID 2lEJel &
%!}\PFEE E%EPO# 28 HelgS G0 100812 QAL AR = Q14
2 S&ot 2 el FEE ol=gdl oAl A5 E AES

Ol St ZCh.

- 83

0 4 o

U = P
RN T

ﬂlZ 1L
E
|6
hu
e
>
m10

Table. 3.10 Recognition distance according to output(1.23mW)

23 1dBm(1.23mW)

A4 Qa7 2A418(%) o 7E()
100mm 100 £140 54.46
110mm 100 £130 49.76
120mm 100 £100 39.85
130mm 100 £70 28.30
140mm 100 +60 23.19
150mm 53 +£40 14.93
160mm 37 £20 07.12
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Table. 3.11 Recognition distance according to output(1.59mW)

=3 2dBm(1.59mW)

A4 Q141713 A48 (%) S S 7=()

160mm 100 £130 39.09

170mm 100 £130 37.41

180mm 100 £120 35.83

190mm 100 £120 32.28

200mm 100 £120 30.96

210mm 100 £110 27.64

220mm 100 £110 26.56

230mm 100 £100 23.50

240mm 100 +90 20.56

250mm 100 +£90 19.80
£20| 1dBm(1.23mW) 2 O, X QIADEIE AHE RFID 21C1I% tag)h
140mmOl& 2 YOI SIAS0l BH5| LASIE A4S =Holg £ YTk 0
I RFID 9 tag2tol 4B QIAIN2ls +60mmz ABE X0l tagPIXIMA
20°F U4 AFRE QAGHE 242 % 4 UKD 1dBmS 2 FNLRE o
140mm 014 EOIT XMl tagAlls BHIF AT MR £ =Di4o =
Ot BREHCH £2101 2dBm(1.59mW)Y T A& QIAH2|S HEHE AP
200mmOI AN G QIAIS0] HES0] 100%2US 2018 = UCH MBE X2l
RFID 2ICI7I9 P& 20| 2=E tagel 220l & 200mm - 250mmeAS 12
SO ZTH 250mmIKl FAHEIS IS H ABSHACH B ABUA HH X
S QIAf2lel 250mmY [ +BO2Ol E U QAN2lE 90mmOlD Olm el 2
S NERE QA0 JbsE 22

T= o 20°2 AEE XE0l tagl < 20°%
[¢]

3.3.3 IMU sensor
?12 Kinect camera® RFID moduleE 0/8& Hd:HAMESES =Qlotd 224A

e HAHE st dAN S8s 822 I /X ¥ HMHE fI8 |

ot =80 A0l CHoH A RSHACH. Rele=z |

PO 2 XIS KAHE MAHE == AKX E
of AXl oA L TMMOHE HR

MM AGY RSE2HN EXE AIBHE 0l €2 = UL
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2 HANN=E IMU dM(KI0IZHA)et A2H gt2 0l8d SEANMKS 0lS
X L gars WSttt oK 0ld st IMUMA = ARIS0 st & Xt
Jb 2dg) 0l EEE Yot fist S0 ERotCt &M AlE =2
IMUMIA = 16bit ADCE Solf CIAE HeElotd EHEE 24 HOoIHE U2
C =& L0HEZE(Extended Kalman filter)E Sl =01Z2E F 438 roll,
pitch, yaw2t& & g2 2= 028N UL =& 2UEHE=E AR

&

&0l Measurement matrixet =Z =
X

M= Ol& Estimate matrix?t 22Xt
Estimate matrix?t 22X =242 SotH O O
Estimate matrix@t A|AE D 2 Al

Al(3.1)9 Estimate matrixe 442 RAELIA A% 35 £& o2 ALY

T = [QO q1 492 43 VU, Uy Uz]T (31)

Al(3.2)2 F matrixe O0l& AEHCl Estimate matrix® & AEHS Estimate matrix

Z H&A AMAHAF= matrix®2 2AE L.

[4><4 04><3 04><3
= 03><4 [3x3 03><3 (3-2)

Osoqdl » Lyg Loy

AL

= WHOUAML Estimate matrixet X 34, Measurement

2 20 AIAEN 22 H matrixE 0l E3t0 ZIE Estimate matrix
ot QA S2AE FotH =0 FEUEUA AFE0l= Measurement matrix 2t
H matrix 2482 A(3.3)3F 4/(3.4)2 ZCh. 4(3.3)2 Measurement matrixe
IMUSI A2l REAILR, DVLE 35 £& =4 gtlez PHELCh

z = (qO 419243V, Uy vz) (83)

Al(3.4)2 H matrixe= Estimate matrix2 Measurement matrix2 & AHAFE

matrix2 &= 0.
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Fig. 3.30 Measurement of IMU sensor

X MEHUAM roll2& g2 2
A £0.1°2@Xt, Yawai2 —-14.90°0lA +£0.2°2XE E0le 1S &og 4 U
Ct. Heading(yaw)gat0l <2tol @ =
o TII&Ol 2st
20t Mool 2 Z&= 0K SL=lis

iy
o
N
==
x
H+
o
30)
_>'£
O,
o
>
N
H
LS
ro
|
©
~
<

_32_



3.3.4 proximity sensor
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Fig. 3.31 Application of ultrasonic sensor
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Fig. 4.2 A control flowchart for each module
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Fig. 4.3 Trapezoidal velocity profile
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Al(423)08 8t S 2t J|2Y JIBHEE J6e S 20
Ve — Vo s
a, ad; =—
t, t (4.4)
A(4.21)0M Al(4.2.4)9 AlSS S56l01 015 AR 842 P56 A8 2R
St Bz D5 [GINUCH 012 HIEO2 2t J|2 8 2T 849 Rsss O
S 2Lk
1.5 JI12b:0< & <
v(it)=vy +a, -t (4.5)
Vo + V(¢ 2v, +a,t
S(t)=SO+O—()- =Syt %
(4.6)
2.SE5 02 L <t < ( tHt )
v(t) =v, (4.7)
S)=S8So+S, +v,(t—t.) (4.8)
8. &E DI (Ll )< F < ( Lttt )
v(t)=v, —a.(t—1t. —t,) (4.3)
VS+Vt 2vs_a t_ta_ts
S(t):S0+Sa+Ss+—()-t:S0+Sa+SS+ a( )-t
a,(t, —t)°
S(t)=Sg _M
Te 2 (4.10)
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V) =V +d, (4.11)
2.5= J|2¢t . < t < ( tatt; )
Vp = Vs (4.12)

3.&H D2 (Lt )<t < ( thLi+l )

Vp =Vy —lu (4.13)
O/ Xl S, o &I AKX S, o iohAS D12 2 S= |28 28l
0] Ct2 AloZ2 2HCHEIH & o=},
Vv, +V
S, =5 +—=
po (4.14)
Q& HEZH A4.11)~(4.14)2 DE M A2 AX ANPIZ02 M

S fIoll Fig. 71 &2
otJl <ol ZZ2WS OIS It=, A=,
019+ 2r2f 3300mm, 1200mm, 1000mmZ 2& =S HMACHUCH Z2& o
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Fig. 4.5 Performance test
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Table. 4.1 result of the performance test

28

zeu A1 zemanz A %ﬁfr}gel
1 232.3mm 233.1lmm 831.6mm 31.6mm
2 233.7mm 234.3mm 823.5mm 23.5mm
3 240.4mm 241.1lmm 826.7mm 26.7mm
4 237.5mm 236.0mm 825.6mm 25.6mm
5 239.4mm 238.8mm 827.4mm 27.4mm
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